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1 1 iii-v»i7c**>e>&asBi©ft^«»¥ 

MtB»^ k h * ^jE£-r sie 2 ©fc^tt^aum, te 1 
««ji*«v«5c*fc««anfc«jB*#-i-*it*»« 

[111^ 2 ] gftflBfg 1 Oft^« (A 1 X G io 
ai- x ) yl ni-yPT*J&$tU itEJg 2 ©ft^ft^il 
(A ] X G a i- x ) y I n i- y A s z Pi-zT«fig$n-5 
({lb, OSx^l, 0 Sy=£ 1 , 0<z ^ 1) £ 
#&£-f 1 KtB*©*^ H s» hfltittto 

[ffl*¥i3] WK*2©fl:^«¥*#:^6&**FK 
v h#*5 x 1 09~5 x 1 0 H<@/cm2TPfig$tlTVi 

s c t zftwit-? z>m Mm i 2 cae*©*?- f ? 

[»*JR4] ifflfB|g2CD{fc^¥«#^ft&»TK 
y HO^tS^S 1 0~ 1 0 0 nmTi&^i t^Stt 20 

1 ~ 3 <D\,*irnfrizmm<Dm? h >y h^ig^., 

&7ciit«'>ft< 1 1> 1 «£^tMfc-&*$)fr£>ftS4 l P a i 3Jf 

[»*«6] ffiBE*HIJi©ff;£#llB : PJi~l Onm 

mi*, 

imxm 7 ] mmm 1 ©ft^* (ai x g 30 

ai_ x ) y I ni- y PT-«fiK$tl> MTG1B 2 Oft^M^MI 
(A 1 X G a i- x ) y I ni_ y As z Pi-zT*figStl 
(ffiU O^x^l, O^y^l, 0<z^l) , UIB 
cf>IHJI#tG aAs, AlGaAs, GalnAs. Al 
Ga I n A s ©^f n*tMSn§ ItStitfS 

w&m 5 6 {cib«©»^ k y bmmWo 

[W#9I8] III-Vfc7G*a*SfcS8l©ffc£*¥ 
fc^Ky h*#j£-r*III-V«OT**»&& 

itftfBSg 1 ©fc^»*l»{*:Ji<0*B6f;:meE£ 1 <Dit&®>¥ 

1 0 ] ffi£$ 1 COfb^#)¥*#«^ (A 1 x so 



G a i- x ) ylni-yP (O^x^l, O^y^l) T 
f£$*U lnrie#y&£tt3V;&^Jff#AsT&&«*S8 

[»#fi 1 1 ] at$9 1 ~ 7 ov»-rn*^'C«©*? 
h v Y-ffiT&#x\zmxm 8 ~ 1 0 ©n-m^te*©* 

Nt$3i 1 2 ] 1 ~ 7 oVi-rn*^rE«©*^ 

h*y h»jftflcXttl9:|tB8~l 0 <D\,*-ftlfr\ZBM<D* 

ji «t 0 1> < . mmmm^ 3 ©<t£- 
m&m 1 3 ] aft&s i~7 ©i^-m^nsa®©*^ 

Ky h*ifi#Xtttt#S8~l 0 m*-rtifr\zmm<D 

[«#« 1 4 ] WB¥SM*:x AW X 
*^T»*iiH&W«i-r*B!*3Bl 2XB1 3(C|B« 

[»*B 1 5 ] ffrfE#«#fgftiff ^ tf T 

** lt*Bl 4 KfBttW^&^AM 

1 v-I I - I III 

[fS91©I¥iifflftI8HJ§] 

[0 0 0 1] 
[0 0 0 2] 

WT^C-SS-K (Stranski-Krastanov) ^E— h*fiE*i 

mtnzm&fit&m&&mm vtz s-Kt- k^s^t 
1 (D*mvfm±.\z& k> ^sftft^ jt»**-r-5 
a. *(D&&<Di®mwimzi$\,*Tmi<D¥m#±.\zm®i 

^fPLT^-/^— ^— (nm) X^r— ;K7)H*7cWft 
©««|jfi*^fig-r-2>J:-5^ft?)c iOJ:"5KbT»jsjta 

[0 0 0 3] ±eK?Ky h«ifi^ti> ^Jx.«^T^X 
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(3) 



fcf^v- (MB E) ££J:3Xfcf^*v-Wlw£ft£fi : 

mm, mm&m.. vm7tmtum7tm<Dm^itmfi.£ 

[0 0 0 4] 

■m&itz, z-otcsbm^? \*y httie^^wr-s***^ 

© JB*J£ \Z # < © n £ ^ffl £ m-) fit iftl 

k?» hflijg^swr^^^xA'-f xst^^t^^e 20 

[0 0 0 5] *K UT*»Wfi±C*«K«*T&$n 
[0 0 0 6] 

[0 0 0 7] ffenfc*^ h*y MHiBfm, M<Z\t\ 

h»ififr«t0*)l|i!mtt&tfft3£ttt 
<gn5t>©T&ofc. KOjffiTlf H7 hfl 

a±7>\z&^T&w£2nT^tzuim7tm&wi&isfit 40 
is*)vm&fc&mw<DVt&v>mt\zftoffl&&&M,mz 

[0 0 0 8] *fBWtt, III-VKtc*^6 

? K v h#lig#:T'&o T\ ME*T K y h -SIS so 



tzmm&mTzz. zm^Fy bmfe&zm 

-5 © Tab -5. 
[0009] -r&to*., #igBj§tev in— vifg7c4E^e> 

I - Vi*7c*jo> 2 t s^r-r** 

T Yy hflfiiftT&oT, MESI 2 ©-ffc^ 

f K7 bmm&zmmirzbvT&z. 

[0 0 10] *^W©ifK7 h«jfi#©ff*bVi!B« 
tUTH MBBIB 1 ©{b^ftiMMttiflt (A 1 X G 
ai-x> ylni-yPTi^n, AMESIS 2 

(A 1 X G a i- x ) y I n i- y A s Z P i-zT$t(£$ft-g> 
tttt (ffiU O^x^l, O^y^l, 0<z^l) ; 
wimm 2 ©{b^* Hyh*>, 5x1 
09~5 x 1 0 Hfl/cm2TiliSnTH5iflt ; ME 
Sg2CD{fc^#)#*#:fr£>&5M^Ky h©*€rS#l 0 
-10 0 nmtJ5l« ; WflE»2©fl:^ift^i»#:JB* 

*^-r-5 vmjtmo'pfi. < 1 1> 1 a**tnis***» e>& 

Sti§v h U ^X«i:©nfc»)«anT^-5JB« ; ME 
rpfflmcomZW 1 1 0 nmT'S^li ; MES& 

1 ©ft^******* ( A 1 X G a i_ x ) y I n i_ y P T« 
fijc£*l. S9IEI2©ft^f#«:)!iS (A 1 X G a i- x ) y 
I ni- y As z Pi_zT#l^$n (fib, O^x^l, 0 
^y^l, 0<z^l) , MEfPMWGaAs. Al 
GaAs, GalnAs, AlGaInAs©^fn* 

[0 0 11] ££.tc*fg9it±, III-V»l7C*^6&S 

tsi ©ft^«f*#it, p7 h*»j«r*iii- 

y Mtt#e»*t4*ftT:*?T. WEm l ©{k^% 

¥*#Ji©aiffitircjB i ©ib^#»¥##:&«fie-r^ v 

tKH^it^ZHZ^D. WE® 2©{b-&^#«^6 

h*7 h*»jfK1-*X8*-&trc:i:*»«fr* 

[0 0 12] *»l»©*FFy h«ifi«:©»J«^rjSfe©» 
SLWfcKfcLTHu WE«l&an*V«l7C**^ ME 

jb i <»<t&V)*m#m\z<£i£ni3.Mm7tm?&z>m 

m ; ME^ 1 (Dit&m^m&mft (A l X G a i- x ) y I 
ni-yP (O^x^l, O^y^l) T'm&Zn. ME 

[0 0 13] *fc#SB0iH. lEif K7 h«ig^^W 



43 §12002-198512 (P2002-1 9851 2A) 



(4) 

5 

Jtt5*i#f/H *gs£ serf 
[0014] *^u©ifF7 ^m&#&m-tz>*m# 

[0 0 15] 10 
[0 0 1 6] *»W©*Ph*y hfllJfiflttt, III- 

* 1 1 1 - v m?vm & e. & s m 2 mt^m ^mw t £ 

[0 0 17] *3S9i©*f N#lift#Tte, 35 2 ©ft: 

<fcttftfc*V*OT*££WbTV>*££#&B£;£ft 
•So unit *2©fl:'&*#lS#:©V»E7C**«. Jgl© 

<titm*m#m zmrfi-f z> vm^m t ± < gft 
^<&jg«-r-5fe©TttftVi. -r&tcSu ^2©ft:-&^# 

[0 0 18] #fSW©«^Fvh*ifi#*Bl 

*#r*Hffitt, *^0j©«jg<&iesL^-r<-r^fc* 

[0 0 19] ill! Gal nPYMJ^XitCGa 
InAs PIf F7 mat»J«bfc«^ Fs» MHififf 
&'$tsyzf)V^7 L nffim-VSbZ>o mnz\t. SSI 1© 40 

±ir, A777-H2, wnmnmf^y fb i 3. 

Vb'J^XJil 4iif H7 h 1 5 tffll 1 6<hVb 

| j^ii7iT«^3nsffitti2o, m2mnm>7 

77KI18, SZ>*+^ >y 7^8 1 9 SJSHSJI vtz*m 

1 4 hM5 te#38W©»f K y F#fig#£8f 
fi£-r-5fc©T*0. 0 1 <D¥zf)l^7-nmm\Z&^T&; 
ttB2 OW-gUtL-T^-r-S. *56W©#*#5 i /t-f 
xtitt, c:ft<=>©Jf ©«*Mr, - if^-f 



6 

[0 0 2 0] ft*, *M««t*liTW>Ltf TAB©± 

K^ricSftfcBJlj t^S^Sli, A«©±Stc:BB© 

(D±mz 1 .£U2©Ji#^JE&3ft£ ^\Z^<DM<D±.\ZBm 

#»j*sftT^*»£©w;#s£trt>©-?*s. 

AS©±MiBS©/£®^SP5J-Wtr^bTViT, ^©ffi 

[0021] 01 iz&^xm&i 1 tt, ^©itr^T';!/ 

^ n *it ©jg S £ sfcg T £ £ <h # ajm ft © T ft 
tf, ^©^tt^ftWro^TtllfKKjesftft^. $? 

**±^©ifcSft»l|j«fit:jBUfcGaAs, InP, G 
aP, ZnSe, ZnO, Si, A 1 203^©£§&j£ 

fiFSLH. *■©«£. £«&IU££iStt&fc&iiN XII 
Wi^SfWCfffiaWS L < , (10 0) w 
«t>#*lA>. ft*, *Wfffl«Kl*^iT (10 0) Si 
^•5#-S\ l!>fLfeI^I: (10 0) ->tXh(DffiT$ 

[0022] mm. 1 1 ttA*aa!©s«T fcj; 

<, flIAfcfA 1 2O3, 6H-S iC^f>S5lfi^ffl 

[0 0 2 3] SSI lillll SS©^R5^xe^^-> 
Wl^fiJlfc^&Sft^fcJ&fcJSS 0. 1 ~2 ix mm 

777-11 211 &K±£J*jftLJ:3&LTfr>«fl:£' 
»**#«J9*Jl«ft*IISi LT»J«Sft»S t>©T?»ft 
tf»J3B)tttftV^«, -jKf3fiS«t-5-©±tc^fig$ft 

(IlitIi'7 7Ki) ©wmic 

Tte, #J;Ui, G a A s , AlGaAs/GaAsSfe 
f fti'^tf ?»ft?><, 

[0024] 01 <Dmm-&$. 2 0 ©±Ttcii, 
©5-&Sffiffli©e«si«msi77y kh. te*©itf 

Clft6©IB*f*©*:/M8«tt. 

*#n^»©55rttfc ufc^o xanss-r^ d £\Z «t 0 

Hgi5-r-5C<i:^-e^-5„ Al x Gai- x As, 
(Al x Gai- x ) 0. 5lIn0.49P« Al x Gai- x Xftt* 

©a 1 m^mt^^z^z^xmmm^mm-r^ 

[0 0 2 5] mi««S;77 y YM \ 311 fSttJf 2 
0, 4#(rTh'Ji7XSi 4J;<9t)®ST^^/jN$<, 3&0 

^$0^<i©7C^^«^T^^ft^) o 



* 

t 

I 

« » 
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IB, WAfi, mi^m^cOGa I n P, A 1 Ga I n 
P, AllnP. AlGaAs, AlGaAsP, Al 
GalnAs, GalnAsP, GaN, AlGaN. 
AlGalnX, BeMgZnSe, MgZnSSe, 
CdZnSeTe^©-S£W&III-V;&, II-VI#j# 

mft&m^&zt&Tgz. siiiii'77Hii3 

U 7«&H TESte 1X10 17 c m-3fit±*«»* 
L<> 3 X 1 0 17cm-3^±^«tDJifi L<, 5X10 
17cm-3{^±^ft^»SUV^ ±fBH2 x 1 0 '9cm-3 
TO'ffiK, 5X 1 0l8 C m-3£tT**±0»Sl/ 
<, 3 X 1 0 18cm-3£tT**«t>»*L/V». fc*S. *V 
•J TWHSSa-mffiffi (CVS) TSSjef* 

[0026] iifii?77 FJii 3«. mmftzu 

©ttftHifip*L-<fiO. 2~4jum, <fcD#2: 
l<«l~3(imW. 

[0 0 2 7] 01 ©litlllw&ttSfijttJf 20H V h U 
?X114, ifHyM5, >f|K)JI 1 6 Rtfv h 'J 9 

h*>y bmm&<D±.\zz t>\z<prm 1 6&tfv mj ^xi 

1 7 £J£j£Lfct>©T?&5. -?hU^7.B14H #fg 

III-V*OD{t^***flc-C»*. VK'Ji7XS 
1 7t>raU«»T»*Sn*. Th'J^Xil 4, 17 

©tin 1 1 1 - vm<D^^mwn&ti\i, mzm. 

TH 0H;tH GaP, GalnP, GaAs P, Al 
I n P. AlGa InP, G aX, A 1 S btfmtf Ztl 
-5„ $ L < BG a A s ttlf t^tli i 5 
(A 1 X G a i- x ) 0.5lIn0.49P (0£x£l) 
Z>o Z.Z.X\ xtiO~ lCOP^Tjgfia^-T-S^i^T 

{RJ^JfG a q_ 5 1 I no. 49P (x = 0) , A 1 0. 5 1 1 
no.49P (x = 0. 5 1) XI* (A 1 0 . 5Ga(). 5> 0. 51 
In 0 .4gP (x = 0. 5) UZfflmfbtlZ. Th'JJ 
XI14, 1 7»J»StCO^T«#H^JtEH^^^ * 
*#Ji£UT«t|-r*fc«>HB:, tt> lffiCfJUy. 

4, 1 7©d$(i JfSKfJO. 5~200nmT& 
9, J:0»iL<«2~l 0 0 nmT$5. i'^Kf 

[0028] if K7H5 ^^fig-r-s^g 2 oxt-syi* 
mm*, vhUfxjii4**ric-r*v«E7c*tttjift 
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3V&7cSft£*-r$o *-©«£H ttf FyhS»*L 
f&SiSfc, 7MJ?^I1 4£©W»£*li:L-Tg« 
-f-5„ 0ditH Vh'J97ll 4^GaAs, Gain 
AsX(iAlGaAsTS5l^H(l *f h*-;/M5 
J i^t 2 ©ft^¥f *ttG a P , GaAsP, 
GalnP, GalnAsP, A 1 G a PXteA 1 G a 

AsPf^nfnMn^tms. »$L<tt 

(A 1 X G a i- x ) y I n i- y A s z Pi-z(0^x^l, 0 
^y^l, 0<z^l) T*Sft3fl:£*l*ilM*T* 
10 D, x. yStXzfi±fB«BHrt-et9fBV MJ i^XS 1 4 

[0 0 2 9] PFyM5 ©*fltfttf*#£ tt. MM 

(PL) WU©¥tt«©SlEJ£fl:&2w«j6W»& 
H If K 7 h 1 6©?c#£lil 0~1 0 0 nmt$5 
Ct*W*b<, 2 0~5 0 nmTfeSIi^iOSfS 
L^. *ftif Fy K©*fi:ffi**fct)<D«»fCt3ViT 
H 5x10 9~ 5x10 H«/ 
20 L<, lxlO'0~2xlOllfl/cm2T'i64ut^ 

[0 0 3 0] ^MJI 1611 V HJ £7X8 1 4&£>*»f 

-5c flM 1 6 tt, J&jfcSftfc*^ h* -7 hi 5 ©££& 

■t'P^S 1 611 if H7 h 1 5©0fi£ 

1 a-^w-r^c * r$m 1 6 #*f h* y m 5 © v&tc* 

30 fiKSiBStCcfe^T, 4>F<aJ§ 1 6©V®i7EiJi<J:*f F-7 h 
1 5 ©VKtcsR t©MTfflS««**jEJl D. »f H v h 

PpflU 1 6©V#i7ciSI£*f K-7 N 1 5©V^7C*il^— 

©v^7c*^wr^j:5{c-rnn fpran 1 6 tsf 

h'7 h 1 5K^43ttSV*7C^©fi«iHfi^e.-f, *f 

h*>7 h 1 5©*€rataf«*«!SKiw»-r*;:d:*«T* 

V&7cSi#AsTfc5$§'§-K:H GaAs, GalnA 
40 s, AlGaAs, AlGa I nAs^t'tMt^^ 
i))«iLK SfcFhhl5*i (Al x Gai_ x ) 
y I n i- y A s i P \-i%.\* (AljGa i- x ) y I nj-ySb 
zPl_Z(0^x^l, O^y^l, O^z^DTlS 
Sn*«^frH fpfSim 1 6BGaA s, GalnAs 
SKIJAlGaAsXHGaSb, GalnSbfL 
<\*A 1 Ga S bTMSn^^ifeT-t, if K 7 h 
1 5# (A l x Gai- x ) y I ni_ y As z Pi-z (0^x^ 
1. O^y^l, O^z^l) T«J«Sn*»^lrtt, 
1 6 \*G aAs. GalnAs XtiA 1 G a A s 

50 *)W£V^o 



t 



t 

t 

♦ 
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[0031] $>fflm 1 6<Dmfflm$&\z-D^T\m\zm%. 
if h i 5 titt^vxmm^nt± 

flfl*>lfh*?» h 1 5 £Jfc«LT*V>*fH#«T** 
<fc, * * U 7#Mf- KyH5^ & fMJI 1 6 'MUtJ-f 
5. fit, iKDiiaibfc^UTte. ^Jl 1 6 
at§f:i41fK7 h 1 5l*3Tfl^^b, f§}fc-f <5>ilJ3• 
7!>S/^£<ft3<, 
[0 0 3 2] 4"PpS)Jf 1 6©&f JtgcfC-^Tte. VMJ 

tfUK/eteft^. <Pmm l 6<D^^fi(ri5tt^*& 

h 1 5 <D&f Jg&J; 9 t)Vh >J i7Xg 1 4, 1 7 <D 
[0 0 3 3] <fP.5)Jf 1 6 £>JP£ V^Tte. Mf K y h 

4, 1 7fc+#»*ttirg«©jP3T*fttf#i;:iHiEtt 
fc«f o^ffib^+^t^So ^it, *raai6 

0. »$KlilBfi~10nraT»D. «tD»Sb 
<lilSfI~5nmT^0, SSCffSKttlSf 

[0 0 3 4] 0 1 K*3tt-5flH±JI 2 0141 HJfJIJiS-B-fc 

#5§9m4?gttJi2 0m< <h*>l|H] 
SUi3-ti-fct>©T*ntf. 2IS£JU:iS?)igbTl!Hbfc 

tf. «flUi£bT<DaMBa«tlj[)nU -tW^fc'tt^Jtjft* so 

b<«?£ttJl2 0 £3le]«Jf £i±fc*><7)T&D. 5[hIJ^ 

[0 0 3 5] fgtt«2 Ot75±tCti, ^2#«Si7^-7 K 

ft!20, *# icv h U ^XJf 1 7 <£ 0 t>JB#r*A*/h* 

m 2 ^«S<7) A IGalnP, Al InP, A 1 G a A 
s , AlGaAsP, AlGalnAs, GalnAs 
P. AlGalnX. BeMgZnSe, MgZnSS « 
e. Cd Z n S e Te^co— l&tfjftlll- 1 1 —VI 

^H, -t©ricfiliniBfttlR«£ffiSGaA s, G a A s 
P. GalnAs. GalnP, Ga I n\f©A15 

[0 0 3 6] m2mmm>7 7-y KJf 1 8©+tU7M 

tt, Tilil x 1 0 17cm-3fiJLt#$?£L<, 3X10 
17cm-3j^±^J;0« L ib<. 5 X 1 0 17 c m-3^±*t so 
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IfeffiLK ±Kf42xi olScm-SjWT^if^b 
<, 5X1 Ol8cm-36tT**«kOSf*b<. 3 x 1 0 18 
cm-3HWIfcff*L^. ^2iiI^7'yKI18 

-2Tfc<fc<. -€-©J*S©«»IttJf$b<tt0. 2~4*z 
m. <fc9$?£b< f41~3 umT'&Z. 
[0 0 3 7] %i2mn$l?7y Kill 8<D±\Z\$zi>? 

*«3. JB2*mS!^7y KB 1 8 tH-©*taS*t 
^fc©*i5f * bV>. 3>^£ NJIl 9©»fi. 

(4. aSJii^y KJiJ:0^>K^iry^**/hS^»» 

+■ U 7S^©T[K*4, 1 x l 0 18 c m-3fi;±*W* b 
<, 3 x l 0 18cm-3l^±#J;9£?i; b<, 5 x l 0 18 
cm-3a±«iffcjfi b^„ ±Kt4. 2xlo20 C m-3 
HTAWSK- 5X1 0l9cm-3fiJlT**J:O»*b 
<. 3X1 0l9 C m-3KT***t)fiF*bVi. a>^^N 
JfCDjf,£.(4. 0. l~10//mWSL<> l~8ym 

[0 0 3 8] ^RMO^^U^nlPliSTfi. IWfBbfc 
01 fcttSSSftT^fc^a*, £ £> icffittd 2 0 <!; 

i?xi4, l 7J:0t>SlM#«*«^:*<, a*f*«»/hS 

^fc<DT?a&0, #Ot££J£14J12 0MDfrC£-5fc<DT 
*ntf» £IB5&Sn&lr>. 08*. tf. (A 1 X G a i- x ) 
0. 51 I no.49P£»J£#^£bT#tf5;i<h#T€-5. 
[0 0 3 9] HI C*Sn**fl£WJ5:«i«S#Ra 

[0 0 4 0] *5BMS¥##U— ytbTfiJffl-f**^ 
fC(4, ^JA14. it^^affl^jli (ffl#A IGaAsI 

(&S7 8 0 nmifif) . A 1 Ga I nPl (tfcR6 0 
Onmffl . a«ffl##3tS (MGalnAsPfe^ 
WJGa InAsSfittlitSl. 3 umffi) , b- 
1f ft t* ©ifi«ffl b— tt'SBft ^ffl^gltbt 
Mt^itfeTtS. *fc. *^#:b— tftbT&ffl 

jfift <£*&a<z>«ijgc>¥«# b-y t bxffiffl-r-s 

X^-5o 

[0041] *tc*^Hj©af h*7 M»jfi#©»rii*» 

Kt>l»TflWrft. ^Wnm^FFv hmi&#<DMl&J] 
III-V»S7C*A>&fc5»l©{fc-&tt*»fcJi + 
{3 1 1 1 - VUetc*** S ft 2 <D^#)#S^CO»f K 
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